ABSTRACT. Nóbrega, A.C.L., K.C. Paula, and A.C.G. Carvalho. Interaction between resistance training and flexibility training in healthy young adults. J. Strength Cond. Res. 19(4):842-846. 2005.-To test the hypothesis that increases in muscle strength and flexibility are developed by specific training programs, 43 healthy young adults were tested before and after 4 different interventions conducted twice a week for 12 weeks: (a) resistance training only (n ϭ 13); (b) flexibility training only (n ϭ 11); (c) resistance and flexibility training (n ϭ 9); and (d) no intervention (n ϭ 10). There was no change in either strength or flexibility in the control group ( p Ͼ 0.05). Resistance training improved muscle strength either alone (ϩ14%; effect size ϭ 0.53; p Ͻ 0.001) or in combination with flexibility training (ϩ16%; effect size ϭ 0.66; p ϭ 0.032), but did not change flexibility ( p ϭ 0.610). Flexibility increased with specific training alone (ϩ33%; p Ͻ 0.001) or in combination with resistance training (ϩ18%; p Ͻ 0.001). In conclusion, in young, healthy subjects, resistance training alone did not increase flexibility, but resistance training did not interfere with the increase in joint range of motion during flexibility training. These results support the concept that specific training should be employed in order to increase either muscle strength or flexibility.
INTRODUCTION
A dequate levels of flexibility and skeletal muscle strength are necessary for the execution of efficient movements, which in turn provides better quality of life and optimal performance in competitive sports (1, 13, 19, 23) . In addition, both resistance training and exercise for increasing flexibility play pivotal roles in the fast and safe recovery of athletes from injury (24) and in contemporary rehabilitation of patients with cardiovascular diseases (1) . Therefore, there has been increasing interest in the isolated and integrated physiology of flexibility and skeletal muscle performance.
Acute stretching may alter musculotendinous stiffness and muscle neuroactivation, causing either a decrease (16) or an increase (26) in muscle performance, although the chronic effects of flexibility training on muscle strength are largely unknown. On the other hand, resistance training can modify muscular and tendinous physical characteristics as well as neuromuscular functional properties (7, 8) . Because joint range of motion depends on the combination of muscular, tendinous, and capsular characteristics, it is conceivable that resistance training has a potential effect on flexibility. This issue has direct practical implications, because a higher volume of flexibility training would have to be employed in the case of deleterious effects of resistance training on flexibility. On the other hand, no specific flexibility training would be necessary if resistance training itself could improve flexibility.
Despite their practical relevance and potential interaction, there have been few systematic studies dealing with the combined effects of flexibility and resistance training (9, 10, 14, 15) . Although these previous publications have provided relevant information, they presented methodological limitations, such as lack of control groups and evaluation of strength or flexibility of a limited number of movements. The present study involved 4 different groups of young volunteers in a longitudinal design, with the purpose of describing the interaction between resistance training and flexibility training. The tested hypothesis was that only limited cross-effects would occur between resistance and flexibility training, i.e., that increases in muscle strength and flexibility are developed only by specific training programs.
METHODS

Experimental Approach to the Problem
The present study sought to determine the separate and combined effects of resistance training and flexibility training on muscle performance and joint range of motion. Thus, healthy young subjects were enrolled in a testretest design in which 4 different interventions were compared: flexibility training only (F), resistance training only (R), resistance and flexibility training combined (FR), and a control group (C) composed of subjects who remained sedentary.
Subjects
A total of 43 healthy volunteers (28 men, 15 women; mean Ϯ SD age, 21 Ϯ 4 years) signed an informed consent after explanation of the study protocol, which had been approved by the Institutional Review Board. All subjects had been sedentary for at least 6 months before the study began and did not get involved in any other activities during the training period.
Protocol
Subjects were submitted to anthropometric measurements and determination of flexibility and peak muscle strength before and after 12 weeks of specific or combined training. The training sessions were repeated twice a week with at least 2 days of rest between sessions, for a total of 24 sessions of training. After the initial evaluation, each subject was assigned to 1 of 4 different training groups, according to his or her interest: F (n ϭ 11), R (n ϭ 13), FR (n ϭ 9), or C (n ϭ 10).
Anthropometry
Standing height (stadiometer, Filizola, Sã o Paulo, Brazil), body weight (mechanical scale, Filizola, Sã o Paulo, Brazil), skinfold thickness (Hanpenden caliper, West Sussex, England), and limb circumferences (metallic tape; Lufkin, Houston, TX) were determined by standard procedures (21) . Skinfolds were measured at triceps, forearm, thigh and medial calf sites, whereas limb circumferences were determined at the largest value obtained on the arm, forearm, thigh, and calf. Circumferences were skinfold-corrected to provide an index of muscular circumferences, which was calculated as: limb circumference Ϫ (3.1416 ϫ respective skinfold) (17) .
Evaluation and Training of Flexibility
Flexibility was defined as the physiological maximal range of motion of a given movement performed passively without producing pain or severe discomfort. The method used, Flexitest, consists of grading 20 different movements from 0 to 4 in absolute numbers (2) . The movements were performed slowly and passively by 1 of the investigators, who is an experienced user of the method, until the mechanical resistance prevented progression or the subject asked the investigator to stop because of increasing discomfort. The evaluator compared the maximal range of motion achieved against reference maps (available upon request) depicting the 5 possible angles (from 0 to 4). Whenever the angle achieved was between 2 possible grades on the reference map, the lower one was assigned to that specific movement. A dimensionless index of global flexibility (ranging from 0 to 80) was obtained by adding the individual grades of the 20 movements, and regional flexibility was calculated by adding the grades of the individual movements of the same body region. The Flexitest, which has been validated previously (2), presents an intraclass correlation coefficient of 0.94 and 0.89 for intraobserver and interobserver reliability, respectively, and has been applied in different settings (2, 6) . The same investigator performed the flexibility test on the same day after the anthropometric measurement and before the strength testing without any warm up.
The subjects in the F and FR groups participated in training sessions twice a week, each one involving the joints of upper and lower limbs, shoulder, hip, and trunk. The self-administered static stretching technique was used (5, 20, 25, 26) , holding the position of maximal amplitude with no pain for 30 seconds. Each movement was repeated 3 times during each 40-minute session.
Evaluation of Muscle Strength and Resistance Training
Peak skeletal muscle strength was determined for handgrip, leg press, and supine bench press. Peak static handgrip using a hydraulic dynamometer (Jamar; Sammons Preston, Milwaukee, WI), and peak performance for legpress and supine bench press was determined by the 1 repetition maximum (1RM) (8) method on a module equipment (Athletic 2001; Athletic Way, Joinvile, Brazil).
The subjects in the R and FR groups performed a comprehensive resistance training program twice a week according to current guidelines (12) , including the movements evaluated in the strength testing and the joints involved in the flexibility testing among several others, always involving the agonist and antagonist muscle groups along the complete range of motion. The exercises performed were supine bench press, seated chest press, seated row, seated shoulder press, arm curl, triceps (elbow) extension, seated leg press, standing calf press, and seated abdominal crunches. The intensity was initially set at 60% of the peak strength determined in the 1RM test and was continuously adjusted so that fatigue was achieved after 8-12 repetitions. Subjects were instructed to exhale during the concentric phase and inhale during the eccentric phase of the movements and to avoid performing the Valsalva maneuver. Three rounds were executed on each day and included all exercises, always going from large to small muscle groups and allowing a 1-2 minute interval between exercises. No deliberate stretch movements were allowed before or after the resistance training, and a 2-3 minute warm-up consisted of free movements of all body segments.
The FR group always trained flexibility on the same day following the session of resistance exercises. One of the investigators, who is a physical education professional, conducted all training sessions and programmed each individual exercise prescription.
Statistical Analyses
The results are presented as mean Ϯ standard error and were analyzed by the 2-way analysis of variance (ANO-VA) for repeated measures, in which group (F, R, FR, and C) and time (pretraining and posttraining) were the main factors, followed by the Bonferroni test for post hoc pairwise comparisons. Because the flexibility indices were discontinuous variables, they are presented as medians (25th-75th percentiles) and were analyzed by Friedman's ANOVA. The proportions of men and women in each group were compared by the chi-squared test. The results for men and women concerning muscle strength were compared using Student's t-test; the flexibility results were compared using the Mann-Whitney test. Adequate sample size was calculated for the ANOVA with 4 groups, applying a desired power of 0.80 and alpha error of 5%. Using the difference in means between pretraining and posttraining evaluations and the pooled standard deviation obtained in a pilot experiment, the minimum sample size was determined to be between 5 and 8 subjects. For all calculations, p Յ 0.05 was considered significant. All statistical procedures were conducted in the software SPSS for Windows (Jandel Scientific, Chicago, IL).
RESULTS
Baseline Analysis
Peak muscle strength was higher in men (244 Ϯ 7 kg) than in women (140 Ϯ 6 kg; p Ͻ 0.001), whereas global flexibility was higher in women (52 [49-58] units) when compared to men (46 [41-52] units; p ϭ 0.004).
The groups participating in the longitudinal evaluation (n ϭ 43) were homogeneous at baseline (before training) regarding anthropometry (Table 1), muscle strength  (Table 2) , and flexibility (Table 3; Figure 1 ). In addition, the proportion (%) of men to women (m/w) in the various groups was not different (F, 36/64; R, 31/69; FR, 33/67; C, 40/60; p ϭ 0.158).
Effects of Training
There were subtle changes in the anthropometric variables. Most importantly, the sum of skinfolds increased in C (p ϭ 0.035) and in F ( p ϭ 0.019), but did not change in R (p ϭ 0.378) or in FR ( p ϭ 0.09; Table 1 ). Overall peak muscle strength did not change significantly in the control group ( p Ͼ 0.05), where a negative effect size (ES) (18) was calculated (ESϭϪ0.19). In the F group, a small ES was calculated only for leg press (ES ϭ 0.74; p Ͻ 0.05), leading to just a trivial ES on overall strength (ES ϭ 0.44; p Ͻ 0.05). In contrast, strength increased (p Ͻ 0.05) in the R and FR groups in 3 of the 4 movements evaluated (Table 2) . A small but significant ES was calculated for overall strength in these 2 groups (R, 0.53; FR, 0.66; both p Ͻ 0.05).
Concerning flexibility (Table 3 ; Figure 1 ), there was a decrease in the regional analysis in the control group for the upper limb ( p ϭ 0.045) and trunk ( p ϭ 0.024), whereas there was no change in the shoulder, hip, or lower limb (p Ͼ 0.05). The global and regional indices of flexibility increased (p Ͻ 0.05) in F and FR, as expected. None of the results of the flexibility evaluation changed in R ( p Ͼ 0.05).
DISCUSSION
The main factors determining joint range of motion are the physical characteristics of skeletal muscle, tendons, and fibrous capsules, combined in different proportions in the various joints, in addition to the neuromuscular activation of related muscle groups. During flexibility training, joint range of motion increases because of both viscoelastic and functional changes, such as higher tolerance of stretching pain (11) . In the present study, flexibility increased with specific training, regardless of concomitant resistance training, suggesting that the latter does not interfere with gains in flexibility. Another interesting finding was that individuals who trained only in flexibility showed a small increase in peak leg press strength. Although increased muscle strength caused by flexibility training has been previously shown (26) , the mechanism is unknown. We speculate that execution of some static contraction during flexibility training and/or enhanced body consciousness could be involved.
Concerning muscle strength training, the protocol used in the present study was effective when applied both in isolation and in combination with flexibility training. Because the sessions were repeated only twice a week, the calculated effect size was small, according to the scale proposed recently by Rhea (18) . On the other hand, strength training itself did not change joint range of motion, nor did it interfere with the increment in flexibility caused by specific training. Previous studies have shown controversial results in relation to strength training effects on flexibility. Physical activity in general, including lifting of heavy weights, seems to have no effect or to increase flexibility (3, 15, 22) . However, when muscle hypertrophy is extreme, increases in muscle size can partially restrict range of motion (4, 5) , and specific flexibility training should be included in the overall training regimen to maintain adequate range of motion (1, 8) .
The present study should be interpreted considering the following limitations. Because we had a homogeneous group of volunteers, the results of the present study cannot be promptly extrapolated to other subjects, such as older subjects or those with diseases. Another characteristic of our sample was the similar proportion of men to women in the 4 groups, which controlled for gender influence. Consequently, it is not known whether the interaction between resistance and flexibility training would provoke differential effects in men and women. Similarly, the present results do not necessarily apply to other protocols of flexibility and resistance training. Although the employment of a higher volume of training should have caused a greater effect on muscle strength and/or flexibility (dose-response relationship), there is no reason to believe that it would have changed the interaction between the 2 modes of training. In addition, a twice-weekly program is already known to be effective to promote changes in muscle performance (7, 8) and flexibility (25) , a concept supported by the present results. Moreover, considering the practical difficulties of conducting a longitudinal protocol with individuals involved in their daily routines, the use of programs requiring a higher frequency of participation could have jeopardized the completion of the study. Concerning the intensity of the resistance training, although higher relative loads (higher static component) should cause a greater increase in muscle strength even when fewer repetitions are completed (8) , the protocol used in the present study (8 to 12 repetitions at 60% of peak strength) was effective to increase peak muscle strength. Another strategy used to increase the subjects' adherence to the protocol was to assign them to the training groups according to their preferences and not at random. Although this procedure could potentially cause selection bias, this did not occur in the present study; none of the pretraining values of peak muscle strength and flexibility differed between groups.
PRACTICAL APPLICATIONS
The results have shown that flexibility increases only because of specific training, even when concomitant resistance training is applied. Considering the characteristics of the subjects and training protocols, it seems that resistance training has no influence on flexibility. Therefore, both resistance and flexibility training should be encompassed in a comprehensive training program in order to promote increases in both muscle strength and joint range of motion.
